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ABSTRACT APPROACH

Numerous methods for predicting structure re- Our experience with HE explosions typically
sponse to airblast caused by HE explosions were centers on three basic types of airblast loading:

e devwloped during the last twenty years. The rigor, (1) pressure-time (triangular), (2) Impulsive,
co)mplexity and sophistication of the methods are and (3) the combination of impulsive and pressure-
known to cover a wide spectrum. Some the less time loading as shown In Figure 1.
complex but widely accepted methods are examined,
assessed, and discussed relative to their degree Accordingly, each of these loads was sepa-
of conservatism. To support their assessment, rately included in the analysis. It was consid-
the authors critically examined the structiral ered important that these loads be treated
design parameters used in the predictive methods. separately in view of possible variances in con-

servatism in the methods under the different
loading.

BACKGROUND

The Corps of Engineers, as the Army's
designer and builder of military facilities,
maintains a continuing interest in the technol-
ogy of the effects of weapons and explosions on TYPE OF LOADING
structures. The earliest design techniques were -4e L PL
related to projectile penetration and then came
the great interest in effects of nuclear weapons ,
Including blast, shock, and other associated -'- K FRONT FRONT
effects. During W~orld War II, there developed t WAL WAL

relatively crude procedures usually "rule of I".,.I

thumb" methods to estimate effects of accidents W ALL-

at the many munitions and explosive manufacturing %R

facilities which we rapidly erected during the _<
period 1941-1945. In the last 30 years, problems COC CUBE PRESsUR-IME IMPULSnI IPLSE ANO

of design of structures to resist the effects TIME
of HE explosions have been addressed on a more FREE CONTINED

rational basis. AIR AIR
BURST BURST

Two of the most recent non-nuclear documents
reflecting the Corps' efforts are TM 5-1300,
Structures to Resist the Effects of Accidental
Explosions (1969), and HNDM-1110-1-2, Suppressive Figure 1
Shield Design and Analysis Handbook (1977).

These documents, among other Corps references,
provide our basic guidance. However, the Corps Since reinforced concrete prevails among pro-
design activities have not been restricted to tective structures, we selected a reinforced
these two documents. concrete wall as the structural element for our

assessment of the methods. After determining the
Many methods conforming to other authorities loads and the structural elements, we proceeded

are also used. Some of the most frequently used with our analysis.
methods are: (1) ASCE Manual 42, (2) Air Force
Manual 500-8, (3) Defense Civil Preparedness
Agency (now Federal Emergency Management Agency)
Protective Construction, and other texts usually
associated with structural dynamics.
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STRUCTURAL CAPABILITY By locating the coordinate (td. P), the
ductility ratio may be cstimated by Interpolating

The two-way reinforced concrete wall in between the u's. For a ductility ratio, i - 3,
Figure 2 was designed for flexure as indicated two curves are shown; one for TH 5-1300 method
by the main reinforcement. No shear calculations an6 thi other for the suppressive shield method.
were made. For our purpose, it is assumed that All the other methods previously discussed are
shear may be adequately provided. Flexural distributed in the shaded band. A close observa-
strength and other structural properties are tab- tion indicttes that the TH 5-1300 curve is more
ulated in Table 1. These were used as the basis conservative than the others, because being on the
for calculating deflection used in our comparison. lower side of the shaded band it has more restric-

-a tions on the limits of pressure and duration for
"the given ductility ratio, u - 3. The Suppressive
Shield Handbook curý:. is less restrictive, allow-
ing 25 percent higher pressures for the same dura-

I tion and ductility ratio.i --0.010 EXE. F.

S -%*CovER IMPULSIVE WOAD

When the wall is impulse sensitive from close-"21  WALL in explosions, deflections are also predictable.
S10.T WtE (W&D) Based on the curves in Figure 4, the TH 5-1300

curve on the lower side of the shaded band is con-
PF4CPERTIES servative because being on the lower side of the
f,'40,OOOpsi shaded band, it has more restrictions on the

to',,-05. P limits of the impulse for a given deflection. The
Suppressive Shield Htandbook curve is lens restric-
tive allowing 20 percent higher Impulse for the
same deflection. Curves for the other metnods

- 6re distrtIk-ted vith.In the shaded b:ind,

RE INFORCED
CONCRETE WALL

(TWO-WAY SLAB) 9 *A" wa WF-Figure 2

A tastly of curves is plotted for the rein- a
forced concrete vall tc predict thrp wall deflec-
tion rtsultina troat a trianpgular pressure-time -load. Each curve reprentits a specific ductility -,-

ratio, u. hence dflecgion, See vigure 3.
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After locating the coordiniate (ru 1r). the due- ASSUMPTIONS
tility ratio, is, can be estimated by interpola-
tion between is's. The ductility ratio curve u * 3 Four factors iunflience thle differnest;c in the

for TM 5-1300 and thle Suppressive Shield Handbook predictive methods- yield line -aSS-tiftOo fltwIW'Tt

methods are shown. It can be dewonarrated again of inertia, modulus of elasticity and stiffness. A

that the TM 5-1300 curve on the lower side of the expected. the variance within these (actors are the

Shaded band is mere conservative than the basis for the dif ferences in cthe predicted dot lec-

Suppressive Shield Handbook curve on the upper t oll.
side of the band. 17M 5-1300 is more restrictive

On the almts of impulse aind gas pressure for a
given ductility ratio, u * 3. The Suppressive YIELD LINE

Shield curve is less restrictive allowing 15

percent impulse or 30 percent higher gas pressure In Most two-way slab designs, cthe effective

tort rhle same ductility ratio, unit resisting mtoments are assumeid to be uniform-

OMPt~tC5 W MWOSKDly distributed onl the yield lines. In TH 5-1300,
CWtALETVO ntOff SNIOk CkWMNO theý effective resisting, moment at the corners are

W- ' 4, reduced by one third. Thisi reduction causes the

. -. 1 T4 5-1300 methodi to be significantly conservative.
V wM Soo Figure 7.

~6' TWO-WAY SLAB
YIELD LINE DISTRIBUTION OF MOMENTS

a 4.) 0I - v5 t300

MANUWAL 42
~~~'~~ F~ 4. t~L MANUAL

Figure 5 PWOTICTIVE C4ONIT

'the. chalrgýe weight, diataace and lozad p Sian
owtera aro shownm in Figure 6. 11these nurtbers

*provide an appreciatiton for Ell, :v'agfttude iivuoiw 4 HOWkNT OF INERTIA

' and aft tudorsrandtng of thle curvoe. Applying load

paaeeson the Wall, detleertins are estimated The tormuta~s for &soeaots of inertia are shown

*by usiims Figurws 3, 4, and S. These oxsnapita art. in Figure a.

not resatrieted to sany onee method, L.e., .both TH 5-

100 avA S&SOOF&455
1

%1 544e4 wetho"4s re U4ed b1OWL
FORMULAS FOR MOMENT OF INERTIA

psir the 8000 Wr at too feet, where Fr '30X
Palbdt 1 as, select from Figure I (174 S..* .,

1300 curve) apvroflsate u * 1.4 or Xe t 1.4 t, 1 6 fktiklvsao
X0.11lit, 00.2 in. For tho 12ltb.M at t10

teer, where if 190pai'-las setter fromk Fig~uv
4 (StJ~ipe"iv Stiek Curve) XW - .4 tin. a W PO03LPlX ' N

for the contained 8 1b. TNT at 5 test, Whete & F MdAMALf~IR i ~ psit ' and ?gs -84 psi. ool@4?l free UAW^U4flK it
Figure 5 (MA i-1300 curve) approxsate u zz 1.3 or "wT('1ivC GOMTfW sO.3x.13 0 .Z n These deihocttoatgigr

Appreciable ditfertmee in 10 appearns whent the
slab thickness isý sma1l. This Ws attributable to
the ugeot "'I" ta IN S-IWO 4414 "' rIn oth e 0r



MOWZI.S OF EIASTICITY DISCUSSION

When 3600 psi concrete is specified, the
in Figure 9 is the sawe for all mazthods. See The asesstwnet onl the riplative congervatisms
intersectienof curves, are based on aiirblant data from TM4 5-1300 curves.

The more recent data it) the Suppreasivv Shield
Handbook is signifirantly different. Tito differ'-
genc in impulse is seen in Figure 10. TH 5-1300
io as much as f60 percentr higher.

MODULUS OF ELASTICITY(CO,4 CREcvg

Eý' W1433 Il. TMB 51300 ;~
E~~a I0OOA F MANUAL 4 {

t/ NNW
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Sinco ~ ~ ~ ~ ~ ~ ~ ditv Motcnrt srnt o ael ~ fthe atst dat t ore seprtelya ntod iopa1

and 01anual 4 tho euaavotale. difef~sa~ tere1nct icner coime. uth botee. mathods woultdg

f ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ 4 hovor~~et~ stal.te itesb e t ie ex risn of the e trette in thbe po

In our exaniuat ion of the m~thoda. we btuw
ail methoda art- cossrvative. Thiti asssu.-ýtlon (t

e~t.tby testirlg of full le~ale and 010eA
kiruetures in Pfrvtoua Afifly provraqi4 aliboeiated

H~nu~l 2 k W wth the de~o~tof eorpfa of Fngineoreiwazl

bit Fctt Uuk tcr h rdoned structuree. u~erdttaly* woeocode
tho 4aeu rtlou to be reasvablh..

&0~~CNCIJJS IN

-4 In assossiod the rlattivo 0Wtia t
aethodo. tftm foe"~ was on both endti of Owe spec-

a k~~rota the moat coaativo Lin otto *nd end the

thv VH -100 wthod 4r. the wiost ; nevev

Als ~ ~ ~teohr W dti~



Bas1ed onl the' m4ntmwn deflect ion, Xtn, In
Table 1, the order of constervatism beginning with

moait coitservitivt to leas.t conservative follows.

1. T145- 1300

2. Manual 42 -

3. Protretlve Construction

4. Air Force Manual FREE AIR BURST CONTAINED BURST

5. .-1 WALL FRONT
WALL

*1 U -6. Suppressive Shield Hlandbook t .

In general, because of similarity, it wouldfIL
be more appropriate to group conservat igm as g _ --

follows4: I'M 5-1300 by Itself an rthe most conserva- a-
Lyve; Manuial 42, Protective Con4t ruct ion, and the W R '

Air Force Manual in Lthe intertmediate group: and
Bigg!; and the Suppressive Shield Uawflook as the 0000 LA 1111i? SIFT7? -

least cmonsrvative group.
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